We provide policy-relevant critical masses beyond which, increasing CO 2 emissions negatively affects inclusive human development. This study examines how increasing CO 2 emissions affects inclusive human development in 44 sub-Saharan African countries for the period 2000-2012. The empirical evidence is based on fixed effects and Tobit regressions. In order to increase the policy relevance of this study, the dataset is decomposed into fundamental characteristics of inclusive development and environmental degradation based on income levels (low income versus (vs.) middle income); legal origins (English common law vs. French civil law); religious domination (Christianity vs. Islam); openness to sea (landlocked vs. coastal); resource-wealth (oilrich vs. oil-poor) and political stability (stable vs. unstable). All computed thresholds are within policy range. Hence, above these thresholds, CO 2 emissions negatively affect inclusive human development.
Introduction
The positioning of this study builds on three fundamental trends in academic and policy circles, notably growing noninclusive development in sub-Saharan Africa (SSA), poor energy and environmental management in the sub-region and gaps in the literature. We follow the same chronology in substantiating the points.
First, exclusive development has been growing in SSA because according to a report by the World Bank on the achievement of Millennium Development Goals (MDGs), extreme poverty has been decreasing in all regions of the world with the exception of SSA (World Bank 2015; Asongu and Le Roux 2017; Tchamyou 2018) . The narrative maintains that about half of countries in the sub-region were substantially off-track from reaching the MDG extreme poverty target. This is an indication that the fruits of economic growth have not been trickling down to the poor in the continent because the sub-region has been experiencing a recent period of growth resurgence which began in the mid-1990s (Asongu and Nwachukwu 2016a) . 1 It is obvious that the corresponding economic prosperity is positively associated with greenhouse gas emissions, which represent a major challenge to environmental sustainability in the post-2015 development era (Akinyemi et al. 2015) .
Second, while environmental sustainability is a key theme in the post-2015 sustainable development agenda (Akpan et al. 2015; Asongu et al. 2016; Mbah and Nzeadibe 2016) , the consequences of climate change are projected to be most nefarious in Africa for at least three fundamental reasons, notably growing energy crises, consequences of energy mismanagement and climate change and crises of environmental pollution. In what follows, we engage the points in detail. (i) Energy consumption per capita in SSA is approximately one-sixth of the global average. Furthermore, according to some narratives, energy access in the sub-region is the equivalent of the total energy consumed in a single state like New York in the United States of America (USA) (Shurig 2015) . (ii) The emission of carbon dioxide (CO 2 ) constitutes about three-quarter of emissions of greenhouse gases globally (Akpan and Akpan 2012) and many estimates are consistent with the fact that the negative consequences of climate change will be most felt in Africa (Kifle 2008; Asongu 2018) . Naturally, such climate change is the direct effect of unsustainable consumption of fossil fuels globally (Huxster et al. 2015) . (iii) There have been growing concerns about the ability of policy makers to address environmental challenges effectively in most nations of SSA (Anyangwe 2014) . A good example with which to substantiate this narrative is Nigeria which is poorly managing its electricity outage and shortage by subsidising petroleum fuel, as opposed to investing massively in renewable sources of energy (Akpan and Akpan 2012) .
Third, this inquiry unites the concerns documented in the second strand with the issues raised in the first strand, by assessing how environmental degradation affects inclusive human development in SSA. The positioning of the inquiry addresses an important gap in the extant literature, which has largely focused on nexuses between CO 2 emissions, energy consumption and economic growth. The underlying literature has been dominated by two principal strands: the first articulates the relationship between economic growth and environmental pollution with some emphasis on the environmental Kuznets curve (EKC) 2 hypothesis (Diao et al. 2009; Akbostanci et al. 2009; He and Richard 2010) , whereas the second strand engages two sub-strands. On the one hand, we find studies focusing on the relationship between economic growth and energy consumption (Jumbe 2004; Ang 2007; Apergis et al. 2009; Odhiambo 2009a Odhiambo , 2009b Ozturk and Acaravci 2010; Menyah and WoldeRufael 2010; Bölük and Mehmet 2015; Begum et al. 2015) , and on the other hand, inquiries on the nexus between environmental pollution, energy consumption and economic growth (Mehrara 2007; Olusegun 2008; Akinlo 2008; Esso 2010) .
In the light of the engaged literature, emphasis on the EKC hypothesis has fundamentally been articulated on the relationship between per capita income and environmental degradation. This inquiry steers clear of the underlying literature in a twofold manner. On the one hand, we focus on inclusive human development as opposed to per capita income. On the other hand, we investigate how environmental degradation affects inclusive human development, which is different from the influence of per capita income on environmental degradation when assessing the EKC hypothesis. We provide policyrelevant critically masses or thresholds beyond which, increasing CO 2 emissions negatively affects inclusive human development.
In the light of the above clarifications, the intuition underpinning this inquiry falls within an empirical framework of theory-building because we are engaging a direction of causality that is reverse to the EKC hypothesis as far as the outcome and independent variables of interest are concerned. Hence, we are consistent with recent empirical literature in arguing that applied econometrics should not exclusively be based on the acceptance or rejection of existing theories (Narayan et al. 2011; Asongu and Nwachukwu 2016b) . In essence, an empirical exercise that is consolidated with sound intuition is a useful scientific activity that could lead to theory-building, especially in the post-2015 era when inclusive development and environmental pollution are key challenges to sustainable human development in less developed countries.
Our intuition for a nexus between environmental degradation and inclusive human development is simple to follow. We postulate that environmental degradation affects the inequality adjusted human development index (IHDI), which is composed of health and long life, education and income or living standards. First, it is logical to postulate that environmental pollution directly affects the health and life expectancy of citizens. Second, it is also logical to assert that environmental decadence can directly affect the capacity of parents to send their children to school, especially in scenarios where atmospheric pollution is critical and/or transport facilities are absent. Furthermore, atmospheric pollution could also severely constraint the ability of pupils to study effectively. Third, environmental degradation and pollution can affect the family income by stifling the ability of workers in a household to search for work on the one hand and work effectively, on the other hand.
In order to increase the policy relevance of this study, the dataset is decomposed into fundamental characteristics of environmental degradation based on income levels (low income versus (vs.) middle income); legal origins (English common law vs. French civil law); religious domination (Christianity vs. Islam); openness to sea (landlocked vs. coastal); resource-wealth (oil-rich vs. oilpoor) and political stability (stable vs. unstable). The intuition motivating the choice of fundamental characteristics is substantiated in Section BIntuition for comparative economic development^.
The rest of the study is structured as follows. Section BIntuition for comparative economic development^dis-cusses the intuition motivating the comparative inclusive development. The data and methodology are engaged in Section BData and methodology^. The empirical results are presented in Section BEmpirical results^whereas Section BConcluding implications and future research directions^concludes with implications and future research directions.
Intuition for comparative economic development
In this section, we discuss the intuition for comparative CO 2 emissions and inclusive human development. In other words, we substantiate the relevance of disaggregating the sample in terms of income levels, legal origins, religious domination, openness to sea, natural resources and political stability. These fundamental characteristics have been employed in recent comparative development literature (Narayan et al. 2011; Mlachila et al. 2017; Asongu and Nwachukwu 2017; Asongu and Le Roux 2017) . The intuitions consist of substantiating how environmental degradation and inclusive development are linked to the selected fundamental characteristics.
First, income levels determine degrees of environmental degradation and inclusive development because compared to low income countries, middle income countries are likely to be associated with more effective instruments for addressing challenges to environmental degradation. Moreover, high income countries have been documented to be associated with institutions that enable more inclusive development, compared to their low income counterparts. In essence, better institutions associated with income levels enable better environmental and inclusive development management (Fosu 2013a (Fosu , 2013b Anyanwu and Erhijakpor 2014; Efobi 2015) .
Second, the importance of legal origins in contemporary development has been widely documented in the broad (La Porta et al. 1998 , 1999 and African (Agbor 2015) development literature. The consensus maintains that compared to English common law countries, their French civil law counterparts have lower quality institutions owing to political and adaptability channels (Beck et al. 2003) . Hence, in accordance with the adaptability mechanism, compared to French civil law countries, their English common law counterparts are more likely to adapt to challenges of the environment. In summary, the institutional web of formal norms, informal rules and enforcement characteristics underlying the legal traditions affect the capacity of the government to formulate and implement policies that (i) deliver public commodities to improve inclusive development and (ii) address concerns of environmental degradation and global warming.
Third, the fact that politically stable nations are endowed with more feasible conditions for effective environmental management is not difficult to understand. This extends to the intuition that countries which are political-unstable have less feasible conditions for the formulation and implementation of policies that deliver public commodities to enhance inclusive human development. The underpinnings of these intuitions are broadly consistent with Beegle et al. (2016) who have documented that politically fragile countries are linked with comparatively less economic development.
Fourth, the intuition motivating the relevance of income levels in comparative economic development extends to resource-wealth, since resource-wealthy nations are also associated with comparatively higher average income levels. However, it is also important to balance this narrative with the fact that resource-rich countries could be linked with comparatively lower levels of institutional quality and environmental management. As we have observed from the introduction, a case in point is Nigeria which addresses electricity outage and shortage by subsidising nonrenewable sources of energy like petroleum fuel, instead of substantially investing in renewable sources of energy. Moreover, it is also important to note that countries that have acknowledged scarcity in natural resources have been more effective at implementing policies of inclusive and sustainable development (America 2013; Fosu 2013b; Amavilah 2016 ). An eloquent example is Rwanda, which has banned the use of plastic bags and is recognised for its exemplary policies of inclusive development, especially when it comes to gender equality (Sharp et al. 2010; Debusscher and Ansoms 2013) .
Fifth, owing to the fact that landlockedness is associated with relatively more economic and institutional costs, compared with countries that are open to the sea (Arvis et al. 2007) ; it is logical to assert that environmental cost is also strongly associated with the underlying economic and institutional costs. Two perspectives motivate this assertion: (i) effective institutions provide more feasible conditions for environmental management and (ii) there is more reliance by landlocked countries on road traffic as a means of transportation and road traffic is responsible for substantial environmental pollution.
Sixth, the intuition for religious domination as a comparative feature builds on the fact that religions translate some form of solidarity towards sustainable development (Asongu and Nwachukwu 2017) . Furthermore, granting that Christian-dominated countries are more liberal on the one hand and neoliberal societies have comparatively better institutions on the other hand, it is logical to assert that, Islam-oriented countries which are traditionally more conservative are associated with less effective institutions that determined inclusive and environmental development. These neoliberal underpinnings and institutional quality influence policies that determine the cross-country quality of inclusive and environmental development (Roudometof 2014) .
Data and methodology

Data
We investigate a sample of forty-nine countries in SSA with data from the United Nations Development Program (UNDP) and World Development Indicators for the period 2000-2012. 3 The adopted periodicity and scope of inquiry are based respectively on data availability constraints and the motivation discussed in the introduction. Consistent with recent inclusive human development literature, the inequality adjusted human development index (IHDI) is employed as the main outcome variable (Asongu et al. 2015) . It is important to note that the human development index (HDI) represents the average achievement of nations in three fundamental dimensions, namely health and long life, knowledge and basic living standard. Conversely, the IHDI goes a step further by adjusting the HDI to prevalent levels of inequality in the aforementioned three dimensions. Hence, the IHDI considers the manner in which the three underlying achievements are distributed within the population.
We adopt four main CO 2 emission variables, namely CO 2 emissions per capita, CO 2 emissions from electricity and heat production, CO 2 emissions from liquid fuel consumption and CO 2 intensity. In order to avoid variable omission bias, four control variables are employed, namely education quality, private domestic credit, foreign aid and foreign direct investment. We expect three of the four variables to positively influence human development. Accordingly, foreign aid is expected to reduce inclusive human development as recently established by Asongu (2014) . Conversely, education, domestic credit and foreign direct investment are anticipated to have the opposite effect. Education is a component of the IHDI and recent literature is consistent with the positive nexus between education and inclusive development (Dunlap-Hinkler et al. 2010) . Moreover, Petrakis and Stamatakis (2002) and Asiedu (2014) have established that when countries are at their initial stages of development, compared to other levels of education, primary education is associated with more social returns to education. Let us note that it is relevant to balance the underlying anticipated positive sign with the fact that despite an appealing pupil-teacher ratio defining the quality of education, the quality of education may also be compromised by the lack of academic infrastructure. This is apparent when rural areas and sub-urban peripheries in a country are characterised with poor educational facilities. Hence, in the light of the construction of the pupil-teacher ratio, we expect a negative effect from primary education. This is essentially because an increasing ratio denotes decreasing quality in primary education.
Foreign direct investment and private domestic credit have been established by a broad stream of literature to positively influence inclusive human development. This is partly because they provide favourable conditions for social mobility and unemployment reduction Seneviratne and Sun 2013; Anand et al. 2012; Mlachila et al. 2017 ). Given the above clarifications, the choice of control variables is motivated by both intuition on the constitution of the HDI and the extant inclusive development literature. For example, education is a component of HDI, while the literature has been used to justify the other variables. More details on the definitions of variables and sources can be found in Appendix Table 5 . Appendix Table 6 provides the summary statistics. The correlation matrix is presented in Appendix Table 7 .
Consistent with the discourse in Section BIntuition for comparative economic development^, 4 the fundamental characteristics have been employed in recent comparative development literature (Mlachila et al. 2017; Asongu and Nwachukwu 2017) . Classification of nations by legal categorisation is from La Porta et al. (2008, p. 289) , while decomposition by income levels is consistent with the World Bank's classification. 5 Categorisation of countries by resource-wealth is based on the availability of petroleum resources, such that petroleum exports represent about 30% of the country's GDP for at least one decade of the sampled periodicity. Information on religious domination is obtained from the Central Intelligence Agency (CIA) World Fact Book (CIA 2011), while landlocked versus coastal nations are apparent from an Africa map. Countries that are politically unstable represent those that have witnessed political violence and/or instability for at least half of the periodicity being investigated. Appendix Table 8 provides the categorisation of countries.
Methodology
Two empirical strategies are adopted to control for specific characteristics, notably: (i) fixed effects (FE) regressions are used to control for the unobserved heterogeneity and (ii) Tobit regressions to control for the limited range in the dependent variable. 3 The 44 countries are: Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cape Verde, Central African Republic, Chad, Comoros, Congo Democratic. Republic., Congo Republic, Cote d'Ivoire, Djibouti, Ethiopia, Gabon, Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania, Mauritius, Mozambique, Namibia, Niger, Nigeria, Rwanda, Sao Tome & Principe, Senegal, Seychelles, Sierra Leone, South Africa, Sudan, Swaziland, Tanzania, Togo, Uganda and Zambia. 4 While the motivations for the choice of fundamental features have been postulated in Section BIntuition for comparative economic development^, in Section BData and methodology^we discuss the selection criteria for the fundamental characteristics. The panel FE model is presented as follows:
where, IHD i, t is inclusive human development for country i at period t; ∂ 0 is a constant; CO i, t − 1 is a CO 2 emissions variable for country i at period t − 1; COCO i, t − 1 , is an interaction term representing the multiplication of two identical CO 2 emissions variables for country i at period t − 1; W is the vector of control variables (education quality, private domestic credit, foreign The values in italics are significant estimated coefficients, LR chi-square and Fisher statistics *,**,***Significance levels of 10, 5, and 1% respectively na Not applicable because at least one estimated coefficient needed for the computation of net effects is not significant aid and foreign direct investment); η i is the country-specific effect and ε i, t the error term. The purpose of lagging the independent variables of interest by one is to have some bite on endogeneity (Asongu et al. 2017a (Asongu et al. , b, 2018 Ssozi and Asongu 2016) . Given that the estimation technique involves interactive regressions, it is important to briefly engage some pitfalls that are linked to such interactive specifications. Consistent with Brambor et al. (2006) , all constitutive variables are involved in the specifications. Furthermore, in order for the estimated parameters to make economic sense, they should be interpreted as conditional or marginal effects.
Since the IHDI theoretically falls between 0 and 1, it is not appropriate to employ the ordinary least squares (OLS) estimation technique. Consistent with recent empirical literature, a double-censored Tobit estimation approach is employed to control for the limited range in the dependent indicator ( 
where γ is a non-stochastic constant. In other words, the value of y * i;t is missing when it is less than or equal to γ. Table 1 presents baseline results. It entails four sets of specifications corresponding to the four CO 2 independent variables of interest. Each specification has two sub-specifications for respectively FE regressions and Tobit estimations. The impact of environmental degradation on inclusive development is investigated from two main perspectives, namely marginal effects and net impacts. While the marginal impacts are the estimated coefficients corresponding to the interaction between CO 2 emission variables, net impacts are also computed to examine the overall impact of growing CO 2 emissions. For example, in the third column of Table 1 , the net effect of Frch.
Empirical results
Baseline results
Oil-rich
Oil-poor The values in italics are significant estimated coefficients and Fisher statistics LI low income countries. MI middle income countries, Eng English common law countries, Frch French civil law countries, Oil-rich oil exporting countries. Frch.
Oil-poor . In the computation, the mean value of CO 2 emissions per capita is 0.901; the unconditional effect of CO 2 emissions per capita is 0.127, the conditional effect from the interaction of CO 2 emissions per capita is − 0.011 and the leading two on the first term is from the differentiation of the quadratic term (Boateng et al. 2018; Asongu and Odhiambo 2018) . The following can be established from Table 1 . First, significant marginal and net effects are apparent exclusively from Tobit estimations. The marginal and net effects are respectively negative and positive for 'CO 2 emission per capita' and 'CO 2 emissions from liquid fuel consumption'. Conversely, for CO 2 emissions from electricity and heat production, the marginal impact and net effect are respectively positive and negative. In summary, a Kuznets shape outweighs a U-shape by the proportion of 2:1. Second, the significant control variables have the expected signs. Table 2 presents findings from FE regressions in four main panels. Hence, Panel A, Panel B, Panel C and Panel D respectively present findings corresponding to 'CO 2 emissions per capita', 'CO 2 emissions from electricity and heat production', 'CO 2 emissions from liquid fuel consumption' and 'CO 2 intensity'. Whereas, control variables used in the baseline regressions are included in the specifications; their estimated coefficients are not reported for lack of space. Net effects are also computed as in the baseline regressions. The following findings can be established. First, in Panel A on 'CO 2 emissions per capita', positive net effects are exclusively apparent in middle income, French civil law and landlocked countries. Second, in Panel B on 'CO 2 emissions from electricity and heat production', negative net effects are apparent from French civil law and politically stable countries. Third, in Panel C on 'CO 2 emissions from liquid fuel consumption', (i) we find positive net effects in French civil law countries, while (ii) negative net impacts are apparent in low income, middle income, coastal and politically stable and oil-poor countries. Fourth, in Panel D on CO 2 intensity, positive and negative net effects are apparent in respectively, coastal and oil-rich and countries. Table 3 presents results from Tobit regressions in four main panels. Like in Table 2 , Panel A, Panel B, Panel C and Panel D respectively show findings corresponding to 'CO 2 emissions per capita', 'CO 2 emissions from electricity and heat production', 'CO 2 emissions from liquid fuel consumption' and 'CO 2 intensity'. Accordingly, while control variables used in the baseline regressions are included in the specifications, their estimated coefficients are not reported for lack of space. As usual, net effects are also computed. The following findings can be established. First, in Panel A on 'CO 2 emissions per The values in italics are significant estimated coefficients and LR chi-square statistics LI low income countries, MI middle income countries, Eng English common law countries, Frch French civil law countries, Oil-rich oil exporting countries, Oil-poor nonoil exporting countries, Christ Christian-dominated countries, Islam Islam-dominated countries, Landlocked landlocked countries, Coastal coastal countries, Stable politically stable countries, Unstable politically unstable countries, na not applicable because at least one estimated coefficient needed for the computation of net effects is not significant The mean value of CO2mtpc: 0.901. The mean value of CO2elehepro is: 23.730. The mean value of CO2lfcon is: 78.880. The mean value of CO2inten is: 2.044 *,**,***Significance levels of 10, 5 and 1% respectively capita', with the exception of oil-rich countries, positive net effects are consistently apparent in all specifications. Second, in Panel B on 'CO 2 emissions from electricity and heat production', a positive net effect is evident exclusively from politically unstable countries, whereas negative net impacts are visible in French civil law, landlocked, coastal and politically stable countries. Third, in Panel C on 'CO 2 emissions from liquid fuel consumption': (i) there is a negative net effect in low income countries and (ii) positive net effects are apparent in middle income, oil-rich, oil-poor, Islam-dominated and landlocked countries. Fourth, in Panel D on CO 2 intensity, positive net effects are apparent in French civil law and Islam-dominated countries, while negative net effects are apparent oil-rich, and politically unstable countries. Positive net effects are associated with Kuznets shapes owing to decreasing marginal effects whereas negative effects are linked with U-shapes because of increasing marginal effects. The overwhelming dominance of positive net effects and associated decreasing marginal effects motivate the computation of thresholds corresponding to the decreasing marginal effects at which CO 2 emissions compromise inclusive human development.
Extension with comparative development
CO 2 emissions thresholds in comparative inclusive human development The notion of threshold or critical mass represents a point at which, further CO 2 emissions compromise development by yielding a net negative effect on inclusive human development. This conception of threshold is consistent with the literature, notably: minimum conditions for desired impacts (Cummins 2000) ; critical masses for appealing results (Roller and Waverman 2001; Batuo 2015) and requirements for inverted U-shaped and U-shaped patterns (Ashraf and Galor 2013) . However, for these thresholds to be practically feasible from a policy-making perspective, they should be within the corresponding statistical range.
On the technical front, thresholds are computed as a quotient of the 'unconditional effect/(conditional or marginal effect × 2)', with 2 being from the differentiation of the quadratic term. For instance, in Panel A of Table 4 , the 25.00 threshold corresponding to CO 2 emissions from liquid fuel consumption established for low income countries is the quotient of '0.001/(0.00002 × 2)' from Panel C of Table 2 . This implies that when CO 2 emissions from liquid fuel consumption is 25 (% of total), the net effect on inclusive human development is null or 0.000 ([− 0.00002 × 25 × 2] + [0.001]). Hence, CO 2 emissions from fuel consumption beyond 25 (% of total) correspond to a net negative effect on inclusive human development. However, the established threshold has little practical relevance unless it is consistent with the range of CO 2 emissions from fuel consumption provided by the summary statistics. The minimum and maximum values respectively Italic values represent thresholds that are relevant to policy because they are within range (minimum to maximum) *,**,***Significance levels of 10, 5 and 1% respectively corresponding to CO 2 emissions from fuel consumption are 0.000 and 100. In the light of the above, thresholds of policy relevance are highlighted in bold in Table 4 . For brevity and lack of space, we do not literally translate these thresholds because they are self-evident from the table. It is important to articulate the thresholds from baseline regressions which are apparent from Tobit regressions in the first three CO 2 emission variables. They are: 5.772 (0.127/(0.011 × 2)) for CO 2 emissions per capita; 30 (0.003/(0.00005 × 2)) CO 2 emissions from electricity and heat production and 100 (0.002/(0.00001 × 2)) CO 2 emissions from liquid fuel consumption. All three thresholds are within policy range because they are within the minimum and maximum ranges provided by the summary statistics.
Concluding implications and future research directions
This study has examined how increasing CO 2 emissions affect inclusive human development in 44 sub-Saharan African countries for the period 2000-2012. CO 2 emissions is measured with CO 2 emissions per capita, CO 2 emissions from electricity and heat production, CO 2 emissions from liquid fuel consumption and CO 2 intensity. The empirical evidence is based on FE and Tobit regressions. In order to increase the policy relevance of the study, the dataset has been decomposed into fundamental characteristics of inclusive development and environmental degradation based on income levels (low income versus (vs.) middle income); legal origins (English common law vs. French civil law); religious domination (Christianity vs. Islam); openness to sea (landlocked vs. coastal); resource-wealth (oil-rich vs. oil-poor) and political stability (stable vs. unstable).
From the baseline regressions, significant marginal and net effects are apparent exclusively from Tobit estimations. The marginal and net effects are respectively negative and positive for 'CO 2 emissions per capita' and 'CO 2 emissions from liquid fuel consumption'. Conversely, for CO 2 emissions from electricity and heat production, the marginal impact and net effects are respectively positive and negative. In summary, a Kuznets shape outweighs a U-shape in the proportion of 2:1. After computing corresponding marginal and net effects for all the identified fundamental features, we have noticed overwhelmingly that positive net effects are associated with Kuznets shapes owing to decreasing marginal effect, whereas negative effects are linked with U-shapes because of increasing marginal effects. The overwhelming dominance of positive net effects and associated decreasing marginal effects have motivated the computation of thresholds corresponding to the decreasing marginal effects at which CO 2 emissions compromise inclusive human development. All three thresholds are within policy range because they are within the minimum and maximum ranges provided by the summary statistics. Hence, above these thresholds, CO 2 emissions negatively affect inclusive human development. More policy-relevant thresholds are apparent when the computation of thresholds is within the framework of fundamental characteristics.
In summary, we have provided policy-relevant critical masses beyond which, increasing CO 2 emissions negatively affects inclusive human development. These critical thresholds have implications to the green growth strategies of sampled nations as well as sustainable development policies. First, on the green growth front, the thresholds inform policy that economic growth resulting from CO 2 emissions should not be achieved at the price of exclusive human development. Hence, these critical masses partly respond to a policy challenge from a growing consensus that, economic development patterns are characterised by inefficiency and the inequitable distribution of fruits from economic prosperity across the population (OECD 2012). It is relevant to note that the conception and definition of the outcome variable used in this study is consistent with the relevance of equitable distribution.
Second, it is important to discuss the implications of this study beyond the scope of green growth because green growth is only a dimension of sustainable development (Akinyemi et al. 2018) . This is essentially because CO 2 -driven economic growth can be sustainable if and only if, it is associated with social equity (i.e., inequality mitigation) and environmental sustainability. The established thresholds in this study reflect both dimensions of inclusiveness and sustainability. BInclusiveness^because human development that is adjusted for inequality is the outcome variable on the one hand and on the other hand, Bsustainability^because we have provided thresholds beyond which environmental pollution is harmful to humans. It is also worthwhile to note that such a framework for policy complementarity between sustainability and inclusiveness is in accordance with Amavilah et al. (2017) who have posited that for inclusive growth to be sustainable it should be sustained and for sustained growth to be sustainable, it must be inclusive.
Third, given that most sampled countries are at the early stage of industrialisation and that CO 2 are driven by the agricultural and extractive primary economic sector, effective policies and a favourable institutional framework are needed to fast-track the adoption of cleaner energy sources in order to potentially reduce the environmental and human costs associated with CO 2 emissions.
Future studies can assess whether the established findings withstand empirical scrutiny from country-specific perspectives. This recommendation is essentially because countryspecific thresholds are necessary for more targeted policy implications. CO2mtpc CO 2 emissions (metric tons per capita), CO2elehepro CO 2 emissions from electricity and heat production, total (% of total fuel combustion), CO2lfcon CO 2 emissions from liquid fuel consumption (% of total), CO2inten CO 2 intensity (kg per kg of oil equivalent energy use), Educ quality of primary education, Credit private domestic credit, Aid foreign aid, FDI foreign direct investment, IHDI inequality adjusted human development index 
